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lbafd in thedesignof WEBS safetytestexper-
imentsandsafetytestfaciities(SIT),a prqramof
Svduaticnof CUIOSptSforfuel-motimdiagnostics
inatrurlentatiahasbeenundertaken.A partof this
SValuatiaisbeing* atPARKA,a Roverproject
criticalasaanblywhichhasbeennmlifiedto study
theselfnuclearimagefrandrivenFIR-typefuel
aasanbliea.Feasibilityofcbtainingfast-neutra
imqes of sirql~pinmids in assembliesof up to
227fuelpinshasbeendenmstrated,albeitmarrjin-

“allyfor the largerfuelbundles.The feasibility
of using imcore detectorsas fuel-moticnmcmitors
hasalsobeenstudied.Useof PARKAin a pulsed
mok tostudyS’IFtransientphenanenais discusad.

Introductia

F= theevaluatimof thesafetyof fastbreeder
readxxs,it is necessarytodevelopfacilities
wherebundlesof LMFBRfuelpinsmay be drivento
destructive,accident-simulatingconditiasandto
cbzervethemoticnof thetestfueldurimgandsub
sequentti the reactortransient.Cmcepts being
studiedas candidatesforfuelandclad-motirmmoni-
toringin theseexperimentsincludeflash-x-raycin-
mstography,(1)single-andmultiple-pinholeself
radiogramy,(2)radiographywithFresnelandother
ardedapertures,[3)useof nemorksof in-core
radiatiadetectors,(4)andtheuseof rrrulti-
apsrtureanimating ~s. (5) The selecticm
of a fuelmotim maitoringsystemmustbe donein
advanceof designof thetestfacilitybecausethe
mmitoringsystenselectedwiJlstronglyinfluance
f=ilityraquiramanta.

Criteriahavebeenestablis~(6)for the
perfamance of fuel and cled-motimmeuxment sys-
tems. Thesecriteriaarebaseduponrequirements
fOr Smsitivity,accuracy,SM timeandspatialres-
olutionnecessaryto deriveuzefU infomaticmfrun
testaintendedto simulatevarioustypesof core-
disruptiveaccidentsin fastreactors,and include
Specificatimaforfieldof view,spatialresol~
tkn, timeduraticnand tezoluticn,anddensityres-
02utia. In fXIIeLd,the requirementsvarywiththe
sizeof the~ssemblyundergoingtest. For instsnca,
hOrizcmtSlzp(.tialresolutim requirementsvaryfran
2 ranfortestsof a few pinsto 50mn formultiple
ut&a6arMieswhichmav mntainover1000pins. The
fuel-motitmmeasurementsystemwillalsobe rquired
b havea capabilityfordepthmeasurementccqar-
ableto itshorizontalresolution,andbe ableto
detectthemovenentof as littleas 0.04g of fuel
in mall-bundletestsor 50g inmultiple
●twsartblytests Tirwresoluticnrequir!!nw!nts
varyfran0.2msecto 100msecdependinguponthe
particulartype of testto beperformed.

Sincethetestass-lies areinrnersedin liquid
sodiun,thesystemis constrainedto use theimage
formedby nautrmsor ganm raysenittcmby theas-
aunblyor x-raystrarmittedthroughtheassembly.
Thequalityof thisimageisstrcngl:’influencedby
scatteringandby ahaorptiaw’thinthetestamsn-
blyof radiaticmanittednotcnlyby thetestasseirr
My butalsoby thereactorwhichis usedtodrive
thatestazae!rblyto destructicm. ?rm timeresolu-
tim, cc theminimunthe duringwhichinformatim
sustbe gatheredtoobtainan imzgewithrequired

~tial and densityreaoluticm,is limitedultimate
ly by thestatisticsof radiaticmemissionfrcnthe
teatassembly.Hcxever,format practicalcases,
timeresolutimislimitedeitherby thedata-
SCqUisitiulsystemin the case of radiation-counting
systemsor by nwhanicalor eldxonic considera-
tionsin thecaseof photo-imagingsystems.The
evaluaticmdescribsdhereinis Concarndonlywith
theqatial anddensityreaol.utionof staticimages
obtainableforvaricustestassemblies.

TheFacility

?ttemadifiedPARKAc1iticalassemblyhasbeen
describedpreviously.(7) ‘Tbrscapitulate,PARKA
is a RoverProjectKiwireactorfueledwith
gra@ite-enrichedU22elements.The activecord,
of size89-cmdiameterby 132-cxnheight,is sur-
romdad by a Be reflectorcontaining12 txxcn-loaded
rotary controldrurs. ModificationfortheSITpro-
granincludedremcvalof 37of the1.9-cm(across
flats)hexagonalfuelelementsand replacementby a
steal-linedchanbercapableof holdingfran1 to 127
fullyenrichedU3~ fuelpinsof WIT dimensi~s.
The removable 5.E-mmdianetertestfuelpinsare
helci7.49nrnbetweencentersir,a hexagonalarraybf
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Fig.1. ViewOL thePAIWALacilitY,se

uationof fuelroticadie&stics’instrw
rnantation.Theassemblyat the topof the
coreisan actuatorforremoterotaticn
of testasscmblieaandwithdrawalof in-
dividualfuelpins. ‘he rotaryreactor
control-driveactuatorscan be seenon t!!e
underside of thereactor.
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Fig.2. Instal.laticmof fcur-channelhdoscqa
mllilnator.

ahinun gridplatesinsucha waythateitherindi-
vidualpinsor theentiretestbundlecanbe rerovad
franthereactor.Precisicnverticaland rotary
actuatorshavebeenprovidedto permitremotelycon-
trd.ledmovementof itemsinthetestchamber.
ZAFU(Aisshwn in Fig.1 afterinstallationof che
testactuatorsandextraleadshielding.A 4.4-an
wide~ lo-unhighS1ot hashen cut transversely
throlqhthefueland tieBe topxmit viewingthe
tektareawitheitt,era hodcscopeor a coded-
apertureviewings~stem.A sexnd slot4.5-anwide
by 5-anhigh,locatedinthereflector30 an below
theprimaryslot,isavailableforfuture
experimen~.
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Fig.3. layoutof thefue’t-motiadiagmstics
instrunentatime~aluaticnfacility.

Pig.4. Detailsof geanetry of theh@oe@pe system.

A 4-channelsteelhodoscopacollimatorisus,ed
to viewthecentralrqion of the testchanber.The
collimator,sham inFig.2, is installedin a hole
through 2 metersof concreteseparatingthereactor
areafrana shieldedinstrunentationrcuninwhich
thehodoamp detectorsarelocated.The facility
layoutis sham inFig.3.

Detailsof thecollimatorand itsrelationship
to thetestregicmaregiveninFig.4. The slots
throughthecollimatorare4.7-nTnwidex 12.5-mn
high, The frontfaceof thecollimatoris 0.91m
awayfranthecenterof thereactortestregion,
withtheresultthattheviewingareaof eachslot
is7-nmlwideby 19-Innhigh(wedefineviewingarea
as theregicmboundedby thelinesat whichradia-
tionfrcqn the testareaseenby thehodoaq detac-
tor.sfallsto halfof rnaximunintensity).‘MQ slots
ccnvergehorizontallyto viewadjacent7-nrn-wide
cells,butareparallelin theverticaldirection.

The b30acqe ismountedtomva horizcmtally
abouta point25 an frcznitsfrontface,c?rivenre
mctelyby a precisionmachineslideandstepping
motor on the backend. ~is pmits scanningof the
testaecticmto simulatefuelmotion,in lieuof the
multichannelcountingof alRi?AT-typehodoscope.
Scanningexperimentsareverymuchsimplifiedby an
autanaticpcwer-levelcontrolon PARRAwhichholds
thereactorpower leveltowithin0.1%overperiods
of severalhours.

P-’. ws selectd forthesestudiesbecauseit
is neutronicallyandgacft’iatricallysimilartodriver
reactorswhichhavebeenprqosed forsafetytest
facilities,a~dbecauseit isa flexiblesystemin
hich changesM@y be madeeasily.An ~ithe~l to
fastneutron,spectrunis neededforeuchreactorsin
orderthatthetestspecimenis fairlyuniformly
irradiated.At thesametime,it isnecessarythat
the fissim densityin thetestspecimenbe much
higherthanin thedriver,so thatinan actualtest
thetestspecimenmaybe driventodestructionwith-
outharmingthedriverreactor.The highratioof
fbsh densityin thetestregionto fission dens-
ityin lhedriver,referredtoas figureof merit
(~) alsohelpein improvingthesignal-te
backgroundratjoin fuel-motiundiagnosticsmeas-
urements.The highFU4 isobtainedby fuelingthe
testobj@ctwithfullyenricheduraniun,eitheras
puremstalor oxide,andrqlntaininga relatively
lcw fueldensity(400k~m near the centerof
PARKA)in thedriver.

Figure5 sbva theresultsofa~(8)
calculationof thefissiadenait}in thereactor
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?ig. S. Ratio of fissicis density in the test regicn
& PARKAto that in the driverregiasfor37
teetpins and various fillers.

fora 37-pintestarrayin PAl?KA,usingwater,sodi-
UB8,andno fillerbetween the pins. It isnotad
that use of wateras a filler in thiscaseimproves
theKM by a factor of 2, a situaticmwhichcanbe
takasadvantageof whenan exoerinentisperformed
wheremly ganwray informatlfnisdesired.For
fast-neutrfnself imaqingof tt?efuelbmdle, the
presenceof water wuid orobabiybe intolerable.
* singlepinexperL~en* it hasbeenshounpossi-
ble to increasetheKM to as hiqhas80 by useof’a
@ th’’leneflu~trapjustcutsideof thetest

rragcn. It isalsonotedthatthere is vary little
differenm between sodiun and void as fillersin the
teatregicn.Moatof our testshavebeendoneusing
altrainungrid blccks as a substituteforscdwn.

Ram distributionmeasurementsnavebeenmade
fa 37-ti 127-pinhexaqonalfueltwdles in thetest
regionof PARKA. The results.weshcwninFig.6.
Thesemeasurementsweremadeby ~rrsdiatingfresh
fuelpina inselected~itions as thetestasserbly
was built Q frun minimn @ ~xim!! size. The
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?~fl.6. ~sured fissia distributicmsof varioua-
QlzedF1’Rfuel pinbundlesm PfWA.
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selectedE*I pins wxfi then remved, and the gross
f issim-produ:tgame sctivityOE each pin was ccns-
pared to the activity of the centralpin which was
used as a reference. l%e results show that, while
UC variatma in pwer density across a test assesIP
bly is correctable in met cases, it will be a
factor in interpretingfuel-motiondiagnosticdati.
Graded fuel loading or gradedfuel enrichmentcould
be used where a moremiform power density is
required in the test aasenbly.

ytetrunentdtig

A nsm&er of detectors have been used withthe
aUiIrutorto measure tie patternof radiatim)emit-
ted by the test sectia. For. detectionof fast neu-
trma, HornyakButtons(9)sinularto thoseusedon
the IREAThdoscqa (5), 4He rail prqortional
comters (lo) and stilbenescintillaticmdet-tors
havebeenused. Experiencehassham khatthe ideal ‘
neutrcmdetectorforthispuqmse is me whichis as
insensitiveto game radiaticnas possibleandcan
b biased for neutronswithenerqiesof fran1 to 2
Me\’.The detectorshouldhavea sensitivearea
ebsely matchingtheslotsizein ordeqtominirmize
backgrounds. The Hornyakbuttonsand ‘He recoil
detectorshsvebeenfoundtomeetthecriteriaof
gmna insensitivityand energy discrimination.How-
ever? stilbene detectorsaremoreefficientby a
factor of 5 thanHornyakbuttonsof theswnesize
andoffertheadditionaladvantageof pdse-shape
discrimination, by whichit ispossibleto
obtainsimultaneouslyneutrenandgame-raydata.

A blockdiagramof electrcmicsused withthe
stilbenedetectorsis shwn inFq. 7. Ti]ecrys-
tals,size12.5-nmsquareby 6.2-m thick,were
imbeddededgewisein Lucitelightpipesso as to
couplegmretricallvwiththehcdoscqeslots. The
ecintill~torassemblieswereviewedb] Amperext~~
WU1O photcs?!ultipliertubes,thesignalsfran which
werepassadthroughOR’IiZt}.=ii~ preampllfiecs,
300-mof typeRG63/ucabletrcsn thecriticalassew
blybuildingto thecontrolroanandthenthrouqh
~ type460dela~lin+shapingamplifiers.The
outputsof theamplifierswere analyzedforrise
timedistribution using OR1’Xnmdel 458 puls~shape
analyzers.

?ig. 7. Electronic system used foc Fxx!oampe
$cmning with stilbene detectors,

Thepulne shapeanalyzerqivesan cutputpulm
with~litude prcportlcmalto the10-90%rimtunc
of thei-ing signal.Figura8 is aqritsm of
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2’ig.8. ~risetima distributiasfranstilbene
detectors or a 2%.H3e neutrm source

i!ml fa a b gma-ray wurce.

Asetimedistributimsob inadwitha 23@u-Be
2atrcm ace and witha ~o ga-ray source.

Rx thistest,theinputdiscriminatorof the
@ae-shspe analyzerwas settoaccept@sas

i
greater n amplitudethan1/2the‘Sm@cm edgefran
@,2-keV 37Ssgamnarays. Thequivalentnsutrm
aiergythresholdis 1.3NeV. The independenceof
~se-risetimedistrihut.lmscn neutronandganrna-
c~ energiesandthe r-..’Qtantstabilityof the n-y
dlecriminaticmpoint -~~f‘:inimunbetweenthe
~ray andneutra “ ::ibuticns)was checkedby
~iw therespcnses: reactorradiatimas seen
~Js~hs ~ w~ch thatobservedforPM3e

Saneearlierdatawaretakenwith Hornyak buttm
ec~ntUlators, providnvgus a directcmpariscmwith
datadtain~ at TREAT. Thesedetectors are the
sane s~ze and nrwntededqwise in lucitelightpipes
in the same way as the stilbenedetectors.Pulse-
Metht distributionsformcnoanerqeticneutras
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hhlent @cm these &txs are sham in Fig. 9.
Zlm detectors were testedat the LISL3.7S+4eV Van
de G aaf~ Aqelerator Facility using neumms fraa
- 5Li (p,n) Be reactim. For use on the hcde
~, mplif ied signals frcm these detectors were
-M using a discriminator setting just higher
than thgt point at which coun- were registered frm
● S+C ~source haldedjacant to the detector.

~ Scannirq Results

Figure 20 slxnss the reeult of scanning across a
single fuel pin with w detectors in the sane hori-
SUItal plane. The detectors were Hornyak buttcwm.

%3
reactor was qxeratsd at 550 W (4.6 nW/g

Each gmint took 500 see of counting time.
The s~gnal-bbackgrmti (S/S) ratio fOrtheSlftgle
pin in thiscaseismLY 0.2:1as ccmmrad to a
‘&pi* S~ ratioof 3;1 fortlw‘XR@iT&
q. The lowWB rat!o of our hdosame results
fmn the epithermalneut:cmspectrunof *ARHA.
Sims ITU?#I?is a thermalre.mnr,itsdriverneu-
trms are on the averageeasiez‘a separatefrant!!e
fastneutrrmse!nitt-fronthetestregion.The
hader driversuectrunw1llbe neadtito Produce
miform excitat~onacroas largerfuel-pin”arrays;
thisdefmnstratestheneed to verifythecapability
U- theMosmpe techniquebeforeirmxporatingthis
techniqueintothedesignof rtietytest facilitjes
f= Iarge-bmdle tests.

The scansham % Fig. 10waamadewiththe
viewingslotextendingcfdy halfwaythrouqhPARXA.
The singl~pinS/S tatiohassincebeen~mprovedby
extendingtheslotthrcughthereactorso thatthe
@Mnetor slotsdo not“seenanyPARKAfuel. TbJs
is shrsmin Fig. 11. TheS/Sratiohasbeanimprov-
ed by a factorof 3 as a resultof theslatexten-
sion. This indicatesthepcssibleneedforthrough
slotsfo. eitherMoscopa or czded-apertureimaqing
in safety testfacilities.However,thethrough
slotmay notbe of valueforfullsubassemblyor
largertestswherethesignalfranthetestbundle
half may daninate thedriverbackground.

Alsoto be notedin Fig. 11 are thehighmunts
m therightsideof the curve. These are due to
scatteringfrrma pieceof aluninunchannelplaced
in theextendedPARKAslotto supgrt Lhefuelek-
inantsabovetheslot. Thischannelhassincebeen
replaced witha lighter,aymnetricalsupport.

The nextstepwas to seewhetheronemissingpin
in a 37-pinarray cculdbe detected.The resultsof
thistestare shown in Fig.12. For thisEiqure,
eachdatapointrequired200sec of countingtime.
Ihe missingpin resultsin a 6* leasof at rate
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Fig. 10.

WM Alhlcl Pmmoot mm)

Results of a 2-channel scan of a single
fuel pin in PARKA,with the vi(%!hg sAot
axtending only to the center of tha “mm.
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*. 31. Curpariem of single-pinsarisbeforeand
aftarextendingthe viewingslot all tha
way throqh the PARKAmre.

ouer ● clistancacmsistentwiththepindiameterand
thegeunetricalresolutionof thehcdoscopa.It
shouldbe noted that the absolutemurk ratediffer-
- betweenthe37-pinscanand the36-pinscanat
thecenterof themissingpin isabout40 perosntof
thsnet mum frana singlepin (Fig.11). PARKA
prer levelswereidentiralforthesingleand
37-pin wperimen@. Thisindicatesthedegreethat
neutrcnscatteringandabaorptirmmaybe expectedto
*lUSnce imaging results.
. _.,:The 37-pin●xperimentwasrepeatedafterdow
Ellng the thickness of steelaroundthetestarray
* 12.7 m and fillingthespacebetweenthefuel
pinswithdrilledaluninundiscs. Thealuninunis a
r~le neutronicsubstitutefcrsodiun.The
Keedt was littledifferentfrcxnthatobtainedpre-
viously. There was an axmximate 10%drop in total
mtirq rate~ but no apparent10s3in resoluticm.

In a jointexperiment withAqonne NationalLab-
oratrxy,a 91-pin=-11 fuelbundlewas scanned
w?ti~hadwithinit six fiissingfuelpellets,three
OC whichwerereplacedby steelpins and three by
●ir gaps. By rotatinq the bundle, scans could be
* simultaneously throughthree of thedefacts,
whichwerelinedq cn a majordiameterof chehex
pattern, or across the inter def act alone either

t I I I I i I . I i I 1

$,+J+&%/
4 20 10 0

H&Mscoo;Anqhi{ofbttfa?vunii ‘-
Fig.12. ?fakxscqescansw‘.th Hornyak butt- across

flatsof a 37-pinhurdle,intactandwith
ttmcentral fuel pin withdrown.

aoraIeflats oracmsecornewlof thehes. Syueing
- vertical channels of the Imbsmpe, scans muld
~eB through a perfect sectim of the assembly

taneously with a faulted aectim. Roth stil-
bme &tectors and Hornyak buttms were med.

lhere will ha mre about the 91-pin test in a
separate paper. (12) HOwever, the results of me
mm are shrxd here in Fiy. 13. In the3 curvesare
displayed the results of scanning neutrons of enerqy
above1 MeV, game rays of energy abwe 0.3 !4eV, and
the total (n+y)outputsof thedetectors.The data
~inte are the munting ratios of one detector scarr
fling across a nomal Sectim of thefuelbundleand
theotherdetectorscanninga .sectianwitha misslrq
pallet in the middleof theass-ly. The neutrm
scan@rowsa clear3.5%differenceinmunter ratioa
overthedianeterof themissingpellet(counter
sensitivitieswere not normalized, so thehas-line
ratiois not 1). It is alsoclearlyseenthatthe
w~ tingratiodoesnotrevealthemissing
pellet. AS shouldbe expected,swing theganrn&
rayandneutrcnfi~taservesonlyto dilutetheneu-
tron data, degradingthesensitivityof the
~.

The absenceof informationin the91-pingarmna
scanwasof ccncernbecauseit reflectsuponthe
abilityto imagedefectsinan assemblyof thissize
~ anytechniquewhichdetectsgamnaraysprcduced
in the assembly. We thereforewent back and lcokcd
at the 37-pinassemblywithstilbene, NaI (Tl)and
NE102detectors.

0.93

0.91

0.89

0.07

t0.89 (b) (n+y)l/(n+y)g

Sconner Position (mm)

Fig. 13. Stil&ne neutrm, gm, and total scan
rati06 across a faulted 91-pin153R-1I
Sss’lrbly.Ccunterratiosareof counts
ft~ a detectorscsnninqacross t latsof a
tKXMl secticmof theasstiy versus count!3
frana detector
with a missicng
bmdle,

scanninqacr&s a section
pelletin themiddleof the

s
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rig: 14. Stilbenedetector.&la 2crossflatsof
37- ml 36-pinass-lies.

T41sdatafor37-and36-pinscanswithstilbene
detectorsares!wn in Fig.14. Usingtwodetecto:s
- twupulse-shapeanalysissystems,we cbtained
simultaneouslygan’mscanswith (a)N > 0.33MeV
aul (b)Ey >0.66 MeV and neutrcmscanswith (c)
~ >1.3 MeV and (d)~ >2.2 MeV. (Theneutrm
energies (c) and (d)corresgmdtotheCunptcnedges
f= gamna-raysof energies(a) and (b)forequal

P
se heightsin stilbene.) In thesescans,there

s a left-trrrightbiasandan overaU biasof the
37-ph scan with resr-w=t to the 36-pinscanbecause
of thebuildupof Eissicmandactivationproducts
&ring the threehoursm whichthesemeasurements
~re made. The 37-oinscanWS tie first,thenthe
centerpinwaswithdrawnand the scannerreturnedto
the left-handpsiticm to startthe36-pinscan.
~is isof coursean etfectof muchlessimportance
* theperformanceof multichannel!K&smpes, where
alldataaretakensimultaneously,providedthat
pm distributicmandhistoryareunifotmacross
thetestregim. Tim-f-count infonnaticmcouldbe
usedrn thesescansto mrrect for radiatitm
buildup.The factthatthe neutrtn scans shcw sane
buildup of munting rateduringtherunindicates
SrJneleakageof qama coun~ intotheneutrcm
Scalers. It appearsthatfora 37-pinassembly,
gmsa-rayinformatim is .srmwhat interIor to fast-
neu@n infomatim forfuel-moticnde ection.The
NsI(Tl) and NEL02 scans were similar.

Using stilbene detectorsbiased as in the 37-pin
tests,a 127-pintestassmblyhasbeenscannedwith
thehdosmp2 acrossflatsandacrosscornersof the
hextqcm,intact.anrlwithpinsranoved at various
deptlhsin the assmly. InPig.15m,mtinq data
uc shrwnforSCMS acrossflatsof thebundle
intactandwiththecenterpinwitkira~ Counts
wre for200s ~r datapcmt at 5 ntilg’~sU
-rating We$ ~alternatelyexpressedas
ao’ntq/Joule/g3 *a fortuitouschoicel).

[-
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?ig.25. = scansacrossflatsof a 127-pin
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?Ig. 1$. Qmntinq-rate ratios fran the data of Fi9.

15 to shod the effectof a miming pin in
thecenterof a 127-pinbundle.



m bet#er *CV6 the effect of withdrawing the pin,
muking-rate pin-in to pin-out ratios are plotted
‘in ?ig. 16.

Tlm fast nsutrcm signal fras tha fuel in the
center pin, averagedwer thewidth of the pin, is z
3t of the @ta2 count rate. The vertical:esolutim
(to V intensity) of the hodomms slot is 19.05
m. This means that the &served -t rductiut
w causedby the remrwslof 2.94g of 23% fran
the fieldof vi-, which is ccnpanble to the estab
Iistd rsquiremen- for mea reaolutim for single
8@aassumy tests. (G)

?ig. 17 shcws the resule af ~ing with an
~ of the assably pointedtcwardstheasaably.
In this orientaticm,the rcwsof fuel pins are
tiignedin the directicmOE scanning,so thatdefi-
nitemaximaandminimaa~ar in the scan. Since
the distance between rms of fuel is 6.29 m and the
field of view(tohalf+naximunintensity)of a _
ewpu slotis7.14fnnat thecenterof the testsec-
tiaa,thehodosqz slotactually‘see& mre fuel
whentheslotispointedbetwew tworowsthanwhen
thsslotisc=ntersdm a rowof pins. A9 a result,
8 counting-rateminimunocxurswhenthehodmcqe
ti ispointedat a row of pina.

Deflsrtiin (mm)

?ig. 17. Mdosqk2 scans across corners of a 227-pin
fuel bundle. Detectorma stilbenebiasad
fa neutms >1.3 Mav.

W figureshowstheeffecton thescanof wi+
drawingthecentralpin franthebundleandof witk
&akmg the cornerpin nearestthe MMoaaqa. Sane
of the differencein the reqome betweenthe two
fn locationsis due to thepcwerdistributicmwith-

‘L theassefnbly*discussedabave. It is evident,
bever, thattherespcmseof thehodosccfx2to a
voidis not independentof thepi tionof thevoid
within the test assenbly. In fuq. 1Sareplotted
tlm msuk of scanning the assembly with a single
missing pinat varicusdepthswitfiinthebundlefor
W across-corners and acrcss-f late scans. The
data,takenwitha stilbenedetectorbiasedforneu-
traulabove1.3MeV,shm$thatthetotalcounting-
ratereductjmfora sinale-pin\vidina 127-pin
asaanblyvariesfrcfn3% fora voidinthenearedge
of thsassemblyto 18 at thefare@s. Thesedata,
uh!chhaveh correctedforthemeasured~er
distrhutlcn withintheass~ly, shw theneedfor
● datailrdstatichodoscqestudyof every large
bmdle testbeforethedestructiveexperimentis
rut. The needfor 3-dimensionaltestdata,as fran
croaaadhodosmpes,is alriievident.

PQSitirndcpmdenceof voidrcspmsehasalso
, - measuredfora 37-pinbundle,foraamnaradia-

thxf and neutrmwo For fast neutrons, sensitivity
lossesfranthofrontto the VedrOE the bundle
c-d f ron 20 b 30t,depend~.,‘.upm neutraienerg-

o..Ll_LL~o
-40 -30 -20

OtSfOrWOFrom Ccntor 01 Missing Pin (mm)

Fig.28. Hdosrqa sansitiviv;to a singlepinvoid
as a functionof thepositlcmof t!!evoid
in ● 127-pintestburutle.Stilbsne
detctor,~ ~ 1.1:tieV.

threshold. For gmna scans, the losses rangedf rcfn
3s to 50%.

XwCae DetectorTests

Ihe PARKA systemhas beenusedfor in-corede

&&&t!!& fissi~ c~-rs. These.~~~s,
ies. Initialstudiesweremadewith

z %mn indiameter,werefitintothestainless
stealfuel-pincladding tubes. Figure 1 is a cross
sactiuwd viaw of thesedetectors. 3me 38ude
tector1.ssensitive to neutrons above 1 MeV andwill
thusreapcmdprimarilyto negtronsfrm thetest
aeetkn. In contrast,the232Ure~cnse‘weights
the lcwer energy neutrms and ismoresensitiveto
neutronsleakingintothe fuel pin array frcfnthe
driver.

Fig.19. Cross-sectimalviewof in-corefissicm
detector.A detectorof thistypshas
alsobeenusedas an auxiliary-r-level
amnitorforallhdoscqe tests.

For a 37-pintestassembly,measurements have
km ma& with the fissirm chmbers located in the
central fuebpincladding.Detectorreqxmsewas
determindwhen fuel pinswere reinowxlfraneachof
the three hexaqcmal rings of pinssurroundingthe

ResultsstrmnarizedinTable1 shcwthat
&q~Y~etector countsdecrease as the fuel Dins
are remved whereasants fronthe23% c?etcckor
increase.The ~35u/23~umunting ratiocan he

6een to be more sensitiveto fuellossthaneither
detsdor separately.For theseexperiments, ent1re
fuel pins were rmrymd; @ver, it is ex~%ted that
qindlar resultswouldbe cbtainedif shortlengths
tereremovedin thevicinityof the10-mnactive
langthfissicm detectors.

7
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UPC&e FiasicmDetector Reamlea for
RaBYVal of FuelPins

~ Relativedatecmr mllnts

Six pins frcm ring 1 1.098 0.892 1.23

Six pins frau ring 2 1.093 o.92a l.ls

Six pins frcm ring 3 1.058 0.9?0 1.09

Results indicatethat k-mre detectorsarecap-
tie of providing diagnmtic infonnatim in multi-
pin 91’f’ tests. It has hen prqosed that me or
mre fuel pins be replaced with “har&n “ channels
mchsiq a line of a.ltermte 235U and #8u fls-

94$ g~gs-~; $:l:;: :g~~;s ~~

!i@neutrcnfluxdrivingtk-fuelpins,whilethe
U detectorsare5ensitiveto themoximiw of

fuel. Rx the highpwer levelsin@ tes~, ia
arrant signalsas a functicnof timewuld be
preferableb counti~ rates.

~

8 -
7 -

6 –

5 -

4 -
4)

3 -
$5,7 f bcriticol

2 -

(1

Time Following Godivo Burst (msl

Figc 20. PARKAresponse toGcdivaburstsat two
different PARKAreact ivi ties.

Trmsient Omraticn

Ihbampe mdiwcored atactortests dcne using
PARSAhsve beenatlmpwerardlaq counting
thaa. While 8* an operati~ mts may be satis-
factory for testingCmcepts invvlving nldear
oomting instrurtsnts, it does not serve well for
~ing experiment involvingad ocmceptsas coded
apertures. Almmt ~ accident,we have diswvered a
way in which PARKAmightbe usedas a highlevel,
Shor-atia acurce. It was fomd thatqeraticm
of CXxliva,a prafpt-burstreactorhousedin thesane
exprinentalbayas PARKA,indwedradiatimlevels
in Pm for a Siqle bursteventwhichWe canpar-
able tothose whichhad been inducedby aprevious
M-minute, 55-wattpawer-calibrationrun. This mr-
reapoded to an energyreleaseof 30 kJ in PARI(A.
Sy bringingGodiva up to within2.3 m of PAM(Aand
with PARKA shut down and loa$edtoa reactivtyof

h-$3.6,we laterpr=~$~~ ‘~<~~”tide.
fissif.naper gran
The timeprofile of these pulses, measured with a
fissicn cimtx3r operatirq in the current rode, is
ahtmn in Fig. 20. Ithasthusbeenshownpossible
to producepeakpowerdensitiesof 1500W/g235Uat
thecenterof a test-pinbundleinPARKA. Thewidth
of thesepulsescanbe increasedby abcuta factor
of 10 by settingPALKAcontroldrumsjustsubcriti-
cal. Peak~r in thetestregicncanbe increased
to 1.5x 10 W/g in mall testbundlesby useof a
W@thyl’= fluxtrap. It is feltthatthesepeak
-r levelsare in a rangethatmay be useful for
hdoscqe transienttestingand ooded aperture
evaluation.

Ccmchlakn

Table 2 is a surmary of resultsdkahd so far
by scanning withthelvMosccpevarious-sizedfuel
bmdles witha missingpin. Theabilitytodetect
- missingpin in an arrayof 127is established,
butthereisan apparenttrendtaards obliteration
of theimageas thebundlesizeincreases.It
shouldbe emphasized,ntxeover,thatthisstatic
testof hdoacop resolutionby no meansestablishes
feasibilityof detectingthelossof thisquantity
fitw&rial frana testasseiWyunderdynaniccOn-

It is rathera measureof theultimate
-r l&el forperformanceof Mdoscqes on KMFBR
fuelbundlesof thissize. Furthermore,theestab-
lishedlimitshculdbe a@ic.sbleto anyimaging
systenwhichdependsupcmselfradiaticmas its
source.It is notat allcertainthatitwillbe
possibleto detecta misshg pin ina full217-or
271-pinsubassemblyusingthebdoempe techniqueor
anyother=if-@ing techniqueunder destructive
testcmditicns.

T~tivm Single-PnlnugeInteneity
u ● FUwtiind me~ lySize

&~:”~,.2 “a” l?,,,,, “e”
S1 I*Pin ?rectiul of ltkel Comt Sete

\> 0.66 Met

1 0.33 0.43 0.4s 0.s4

J7 v..% O.om 0.044 0.0ss

91(S) Oma 0.00

lm O.ols 0.020 0.o1o 0.o1o

.
(@WPln ~11 S@ue-ly (ML lx
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